Abstract Different surface disinfectants were used to control the fruit blemishes caused by sooty blotch (SB) and flyspeck (FS). Treatments included sodium hypochlorite (200, 500 and 800 ppm), copper sulphate (100, 200 and 300 ppm), hydrogen peroxide (100, 360 and 480 ppm) and potassium bicarbonate (200, 500 and 800 ppm) were used to maximize the storage life of apple fruits. Apple fruits after application of treatments were stored at 2°C and 80-85% RH for 90 days. The highest control of fruit blemishes was observed with 800 ppm sodium hypochlorite which was nonsignificantly (P > 0.05) different with 500 ppm sodium hypochlorite after 90 days of storage. Weight loss was less in fruits treated with 500 ppm sodium hypochlorite (30%) as compared to control fruits (85%). Further, apple fruits treated with 500 ppm sodium hypochlorite showed the best results in terms of total soluble solids, titratable acidity, sugars and sensory evaluation as well. Fruits treated with other surface disinfectants also showed good results but not as effective as 500 ppm sodium hypochlorite treatment did. Thus, it could be concluded from present study that 500 ppm sodium hypochlorite treatment have the potential to be used in controlling apple fruit blemishes and maintain fruit quality up to 90 days.
500 and 800 ppm) solutions were prepared 30 minutes prior to use. Apple fruits were placed in jars containing above chemical solutions for 10 minutes and rotated continuously to ensure uniform exposure. In control treatment purified water was used instead of above mentioned disinfectants. After application of treatments, fruits were dried at room temperature for 24 h and then subsequently stored at 2°C for 90 days.
Determination of physical quality Fruit blemishes
Fruit blemishing was visually assessed at the end of storage and recorded at blemishes %age.
Fruit weight loss (%)
Fruit weight was measured with the help of electronic balance. Fruit was taken before treatments which serve as initial weight and the final weight was taken at the end of experiment after 90 days. Loss in weight was determined by using following formula:
Weight loss %age= initial weight-final weight initial weight ×100
Determination of chemical quality Total soluble solids (TSS)
TSS was determined by using hand refractometer (Model: No. 507-I, ATAGO ® , Tokyo, Japan). Apple pulp (10 g) was ground by adding water (40 ml) in a kitchen blender. Mixture was centrifuged at 5000 g for 5 min. Filtrate from the mixture was separated using a filter paper. A drop from the filtrate was placed on the prism of refractometer to obtain value of TSS [22] . Refractometer was calibrated with purified water to give a 0% reading before analysis. Titratable acidity (%) Titratable acidity was measured using the remaining filtrate of TSS. A 5 ml aliquot was mixed with 2-3 drops of phenolphthalein and titrated with 0.1 N NaOH until the colour changed to pink [22] . Sugars (Reducing and Non-reducing sugars) Sugars were estimated from apple juice by the method described by Kulkarni et al. [23] . Sensory evaluation Sensory evaluation for fruit colour, taste, flavour, texture and overall acceptability was done by a panel of eight trained members. Sensory behavior was scored according to the scoring method described by Maqbool et al. [22] . Statistical analysis Experiments were arranged in a completely randomized design (CRD) with four replicates. Each replicate consisted of 15 fruits for each observation. Data was subjected to analysis of variance and tested for significant differences among treatments by the Duncan's multiple range test (DMRT) at P < 0.05 using Statistical analysis system SAS ® .
Results and discussion
Physical quality changes in apple fruits Fruit blemishes Reduction in fruit blemishes was observed in all the treatments of different surfactants (Table 1) . However, the highest reduction was observed at 800 ppm sodium hypochlorite (96%) which was comparable with the reduction of blemishes at 500 ppm sodium hypochlorite (93%). Similarly, reduction in blemishes was noticed at 300 ppm copper sulphate (93%), 480 ppm hydrogen peroxide (93%) and 800 ppm potassium bicarbonate (90%) which was nonsignificantly (P >0.05) different with 200 ppm copper sulphate (90%), 360 ppm hydrogen peroxide (92%) and 500 ppm potassium bicarbonate (89%), respectively. These results suggest that sodium hypochlorite had greater effect on apple fruit blemishes if applied as a postharvest treatment. This decrease in apple blemishes attributed to the fact that chlorine, which is the major active ingredient in sodium hypochlorite may interrupt the biological processes of the fungus which causes SB. It may inhibit the production of ATP's which is helpful in the respiratory electron transfer [24] . The effectiveness of buffered sodium hypochlorite against SB and FS was also reported by Batzer et al. [17] . On the basis of these results, 500 ppm sodium hypochlorite, 200 ppm copper sulphate, 360 ppm hydrogen peroxide and 500 ppm potassium bicarbonate were selected to see their effects on apple fruits quality during cold storage. solutions of sodium hypochlorite (T2 = 200, T3 = 500 and T4 = 800 ppm), for solutions of copper sulphate (T2 = 100, T3 = 200 and T4 = 300 ppm), for solutions of hydrogen peroxide (T2 = 100, T3 = 360 and T4 = 480 ppm) and for solutions of potassium bicarbonate (T2 = 200, T3 = 500 and T4 = 800 ppm)
Fruit weight loss (%)
The highest weight loss was observed in control fruits (approx. 85%), while the least weight loss (approx. 30%) was recorded in fruits dipped in 500 ppm sodium hypochlorite which was non-significantly different (P < 0.05) with 360 ppm hydrogen peroxide ( Figure 1 ). This vapor pressure difference among the surrounding environment and the produce of fresh fruit and vegetables is the basic principle of weight loss [25] . In our results, retention of vapor pressure and reduction in weight loss might be due to the reduced attack of disease on the surface disinfectant treated fruit. In control fruits the production of pectolytic enzymes by the microorganisms of SB might increase the metabolic rate of fruits and results in maximum weight loss.
Chemical quality changes in apple fruits Total soluble solids (TSS)
A significant (P<0.05) difference in TSS was observed among fruits treated with different disinfectants and untreated control ( Figure  2 ). The lowest value of TSS was observed in control fruits where no treatment was applied. While the highest value of TSS was recorded in fruits treated with 500 ppm sodium hypochlorite which was followed by 360 ppm hydrogen peroxide, 500 ppm potassium bicarbonate and 200 ppm copper sulphate. Generally TSS increases during storage. TSS concentration is up regulated during the ripening process and down regulated in the ripe fruits [24] . Decrease in TSS in control fruits may be due to high water loss caused by the enzymatic activities of SB and FS complex and leads to the solubilization of the polyuronides and hemicelluloses in mature fruits [26] . Titratable acidity (%) A significant (P<0.05) difference in titratable acidity was observed among fruits treated with different disinfectants and untreated control (Figure 3) . The highest value of titratable acidity was observed in control fruits where no treatment was applied. While the lowest value of titratable acidity was recorded in fruits treated with 500 ppm sodium hypochlorite which was followed by 360 ppm hydrogen peroxide, 500 ppm potassium bicarbonate and 200 ppm copper sulphate. This decrease in titratable acidity in treated fruits might be due to the open matrix of surface disinfectants which increased the water loss and resulted in the reduction of titratable acidity concentration in treated apple fruits. Sugars (mg 100g -1 ) A significant (P<0.05) difference in reducing and non-reducing sugars was observed in fruits treated with different disinfectants and control fruits (Figure 4a and 4b) . The lowest value in reducing and non-reducing sugars was recorded in control fruits while the highest value was recorded in fruits treated with 500 ppm sodium hypochlorite followed by 200 ppm copper sulphate and 360 ppm hydrogen peroxide. Starch content of fruit turned into sugars during the storage. But in case of control fruits this minimum value of sugars indicates that after ripening the fruits used stored sugars for its respiration [27] . Decrease in non-reducing sugars in control fruits is due to the fact that some of the nonreducing sugars were converted into the reducing sugars with enzymatic conversions [23] . Sensory evaluation Sensory evaluation of disinfectant treated and untreated fruits at the end of storage period revealed significant (P<0.05) differences in taste, flavour, texture and overall acceptability ( Table 2 ). Control fruits were shrivelled and turned yellow in colour and achieved the lowest scores from panellists. Whereas, fruits treated with 500 ppm sodium hydroxide attained the highest scores in all evaluation parameters. The highest overall acceptability of fruits treated with 500 ppm sodium hypochlorite could be due to their shiny skin colour, better taste, flavour and texture. Retention of taste, colour and flavour in fruits treated with 500 ppm sodium hypochlorite might be due to the less water loss which helped in inhibiting the respiration rate of apples for up to 90 days. Shrivelling in control fruits may be due to the loss of water content or due to higher metabolic activities. Fungal complex of SB might cause cell wall degradation which is an important rationale for shrivelling of control fruits. . 
Conclusion and recommendations
In conclusion, present study indicates that dipping of fruits in 500 ppm sodium hypochlorite could be helpful in maintaining apple quality for up to 90 days. Thus, it could be used by apple growers to reduce SB and FS blemishes from fruits and enhance physicochemical quality of apple fruits. 
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